The antibacterial activity and chemical composition of the essential oil obtained from the aerial flowering parts of Nepeta menthoides were analyzed by GC and GC-MS. Twenty-nine compounds representing 97.6% of the total oil were identified. Oxygenated monoterpenes (71.9%) were the principal fraction of the oil with 1,8-cineole (33.8%) and 4aα-7α-7aα-nepetalactone (23.2%) as the main constituents. The antibacterial activity of the oil and its two main constituents were tested against seven bacteria. High activity of the oil and its two main constituents was demonstrated against all the tested bacteria with MIC values in the range of 1.8 -7.2, 0.9 -7.2 and 1.8 -15 mg/mL, respectively.
The genus Nepeta L. (Nepetoideae, Lamiaceae) is composed of about 75 species growing wild in Iran [1, 2] . N. menthoides (local name Ostokhodus) is one of the most aromatic endemic plants of Iran and has been of great interest to Iranian folk medicine in Ardabil province. A decoction of the aerial parts was traditionally used as a sedative, blood depurative and for treatment of stomach ache, high blood pressure, rheumatism and bone pain nervous disorders [3] .
The essential oil composition and antimicrobial activity of several Nepeta species have been reported [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . Recently, in the essential oil obtained from a cultivated sample of N. menthoides at the prior flowering stage 1,8-cineole (57.3%), β-pinene (8.8%) and geranyl acetate (8.1%) were found as the main constituents [16] . Here, we focused our attention on the chemical composition and antibacterial activity of the essential oil of N. menthoides at the flowering stage grown in a natural habitat, which have not been investigated previously.
The hydrodistilled oil isolated from aerial flowering parts of N. menthoides was obtained in a yield of 0.85% (w/w), based on the dry weight of the plant. Twenty-nine components were identified, which constituted 97.6% of the total oil. The components with their percentages are listed in order of their elution from a DB-1 column in Table 1 .
The classification of the identified components based on functional groups is summarized at the end of Table I . It was found that oxygenated monoterpenes (71.9%) were the principal fraction of the oil with 1,8-cineole (33.8%) and 4aα-7α-7aα-nepetalactone (23.2%) as the main constituents, followed by 18.2% of monoterpene hydrocarbons containing β-pinene (5.5%) as the major component. RI, retention indices relative to C 6 -C 24 n-alkenes on the DB-1 column.
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The results revealed that N. menthoides could be classified in the group of Nepeta species producing essential oils containing predominantly 1,8-cineole and different stereoisomers of nepetalactone, such as N. crispa [17] , N. elymatica [18] , N. kotschyi [19] , N. meyeri [15] , N. pogonosperma [12] , N. recemosa [13, 14] , N. binaludensis [7] and N. eremophila [20] .
Considering the essential oil composition of N. menthoides at the prior flowering stage [16] , no trace of nepetalactone was detected, and it may be concluded that the production of this compound is related to the phenological stage of the plant.
The results of the antibacterial activity studies of the essential oil obtained from N. menthoides are summarized in Table 2 . The essential oil, as well its two main investigated components, 1,8-cineole and 4aα-7α-7aα-nepetalactone, showed high antibacterial inhibitory activity against all the tested bacteria, with MIC values in the range of 1.8 -7.2, 0.9 -7.2 and 1.8 -15 mg/mL for the essential oil, 1,8cineole and 4aα-7α-7aα-nepetalactone, respectively. Klebsiella pneumoniae and Enterococcus faecalis, with high MIC values (7.2, 7.2 and 15 mg/mL, respectively), were the most resistant strains. The similar inhibitory activity of the essential oil and its two major components suggests that the bactericidal property of the oil could be attributed to these compounds.
Pharmacologically, 1,8-cineole and nepetalactone, the two major components of the oil of N. menthoides, have relaxant [24, 25] and sedative effects [26, 27] , respectively. The observed antibacterial activity and reported pharmacological properties of the essential oil of this plant in the literature support its usage in folk medicine. Essential oil isolation procedure: Air-dried and pulverized aerial flowering parts were subjected to hydrodistillation for 3 h, using a Clevenger-type apparatus. The oil was dried over anhydrous sodium sulfate and stored in a sealed vial at 4 o C until analyses and tested.
Gas chromatography (GC):
GC analysis of the oil was performed using a Thermoquest-Finnigan instrument equipped with a DB-1 fused silica column (60 m × 0.25 mm i.d., film thickness 0.25 μm). Nitrogen was used as the carrier gas at a constant flow of 1.1 mL/min. The oven temperature was held at 60 o C for 1 min, then programmed to 250 o C at a rate of 4 o C/min, and then held for 10 min. The injector and detector (FID) temperatures were kept at 250 o C and 280 o C, respectively.
Gas chromatography-mass spectrometry (GC-MS):
GC-MS analysis was performed on a Thermoquest-Finnigan Trace GC-MS instrument equipped with a DB-1 fused silica column (60 m × 0.25 mm i.d., film thickness 0.25 μm). The oven temperature was raised from 60 o C to 250 o C at a rate of 5 o C/min, then held at 250 o C for 10 min; transfer line temperature was 250 o C. Helium was used as the carrier gas at a flow rate of 1.1 mL/min; split ratio was 1/50. The Essential oil of Nepeta menthoides Natural Product Communications Vol. 4 (2) 2009 285 quadrupole mass spectrometer was scanned over the range 45 -465 amu with an ionizing voltage of 70 eV and an ionization current of 150 μA.
Identification of oil components:
The constituents of the essential oil were identified by calculation of their retention indices under temperature programmed conditions for n-alkanes (C 6 -C 24 ) on a DB-1 column under the same chromatographic conditions, and by comparison of their mass spectra with authentic compounds or with those of the internal reference mass spectra library (Wiley 7.0). Finally, they were confirmed by comparison of their retention indices and mass spectra with published data [28] .
Antibacterial activity:
The antibacterial activity of the essential oil, 1,8-cineole and 4aα-7α-7aαnepetalactone were evaluated by a disc diffusion method using Mueller-Hinton agar by determination of inhibition zones [29] . All experiments were performed in triplicate. Minimal inhibition concentrations (MIC) were measured by the micro-dilution broth susceptibility assay recommended by NCCLS [30] . A detailed procedure has already been reported [31] .
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